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Open access under the ElsA normal-phase HPLC method for analysis of carotenes, tocopherols and tocotrienols has been developed
and validated. In this work we presented a modiﬁcation to the ofﬁcial AOCS method for analysis of tocols
which allowed simultaneous quantiﬁcation of the three groups of compounds, including carotenes. Ana-
lytes were separated using a gradient mobile phase (hexane and isopropanol) and with a gradient ﬂow
rate (1–2 mL min1). The column efﬂuent was monitored by Photo Diode Array detector (PDA) set at
292 nm (tocols) and 455 nm (b-carotene) and by ﬂuorescence detector set at an excitation wavelength
of 290 and 330 nm emission. Inter- and intra-run accuracies and precision of the analytical method were
better than ±15%. The lower limit of quantiﬁcation was 5.0 mg L1 for the tocols and 0.1 mg L1 for caro-
tenes. The method has been applied for the quantiﬁcation of these compounds in Amazon oils.
 2011 Elsevier Ltd. Open access under the Elsevier OA license. 1. Introduction
Vegetable oils are important compounds of human nourish-
ment, providing energy, essential fatty acids and fat-soluble vita-
mins. Among these vitamins, provitamin A and vitamin E are
highlighted. Tocopherols are natural antioxidants that also present
vitamin E activity, especially the a-tocopherol (De Greyt & Kellens,
2005) which are frequently found in serum (Krcˇmová et al., 2009).
Tocotrienols possess powerful neuroprotective, anti-cancer and
cholesterol lowering properties that are often not exhibited by toc-
opherols (Sen, Khanna, & Roy, 2005). During deodorisation, it was
observed that tocopherol losses exceeded 30%, two thirds of which
resulted from their distillation (Gogolewsky, Nogala-Kalucka, &
Szeliga, 2000). Both analytes, tocopherols and tocotrienols, present
maximum UV absorption between 280 and 300 nm with minimum
absorption between 250 and 260 nm. Tocopherols and tocotrienols
have also intense native ﬂuorescence when excited at 210 or 290–
292 nm. Excitation of chroman ring at these wavelengths produces
maximal emission at 320 or slightly higher wavelengths.
Fluorescence detection provides sensitivity, speciﬁcity, and cleanere Engenharia de Alimentos,
de Estadual de Campinas –
19 3521 4037; fax: +55 19
relles).
evier OA license. chromatograms compared to UV detection. Fluorescence detection
is essential to the successful assay of vitamin E in complex food
matrices. UV detection can be used for concentrated supplements
or fortiﬁcation premixes (Eitenmiller & Landen, 1999, Chapter 3).
In this work we study the uses of both ﬂuorescence and PDA (based
in UV–vis spectrophotometry) detector to provide ﬂexibility to this
methodology, so it can be applied in laboratories that have only
one of these detectors.
Many methods for determining tocopherol composition in oils
have been published using normal phase or reversed-phase HPLC
(RP-HPLC). Rodrigues, Darnet, and Silva (2010) quantiﬁed tocophe-
rols in several Amazon fruits using reversed-phase HPLC according
to the methodology of Brubacher, Müller-Mulot, and Southgate
(1986). This method only quantiﬁes tocopherols in saponiﬁed sam-
ples and cannot distinguish between b- and c-fractions. Costa,
Ballus, Teixeira-Filho, and Godoy (2010) quantiﬁed tocopherols in
some Brazilian fruits according to the ofﬁcial AOCS Ce 8–89 meth-
od (1998), with the mobile phase modiﬁed by Sadler, Davis, and
Dezman (1990). Mobile phase composition consisted in a mixture
of 67:27:6 (v/v) methanol:tetrahydrofuran:water. This method
could not quantify b-tocopherol and all tocotrienol homologues.
Carotenes are pigments synthesized only by plants from eight
isoprene units. Vitamin A makes up essentially half of the
b-carotene molecule, with a water molecule added to its side chain
(Rodriguez-Amaya, 1996). These molecules are thermo labile if
extracted and heated (Nawar, 1996). They are found in high
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Buriti oil (Albuquerque et al., 2005; França, Reber, Meireles,
Machado, & Brunner, 1999; Mariath, Lima, & Santos, 1989; Silva
et al., 2009). The amount of carotenes destroyed daily by the high
temperatures employed during the reﬁning process of these oils is
sufﬁcient to meet the vitamin A requirement of the world popula-
tion (Mayamol, Balachandran, Samuel, Sundaresan, & Arumughan,
2007). Total carotene quantiﬁcation in oils may be done by UV–vis
spectrophotometry, as suggested by Palm Oil Research Institute of
Malaysia (PORIM) (1990).
Recently, the potential occurrence of nutraceutical components
in food has increased the presence on products on themarket claim-
ing to contain these substances, requiring that they are analytically
determined (Asensio-Ramos, Hernández-Borges, Rocco, & Fanali,
2009). There is a tendency to search analytical methods that can
simultaneously quantify different components, saving reagents
and time. Some recent examples are the method of Prates,
Quaresma, Bessa, Fontes, and Alfaia (2006), in which a
simultaneous quantiﬁcation of b-carotene, cholesterol and
tocopherols using HPLC in meat is presented, and the method of
Tasioula-Margari and Okogeri (2001) to determine simultaneously
tocopherols and phenols in olive oils.
More recently, our research group presented a detailed charac-
terisation of Buriti oil, including tocopherols, tocotrienols and total
carotenes in its composition (Silva et al., 2009). In this work, a new
HPLC methodology for simultaneous quantiﬁcation of these ana-
lytes was developed. However, no validation was included in this
previous work. It is recognised that for a consistent interpretation
of the results of an analytical method it is essential to evaluate the
inherent conﬁdence, which is calculated by the quantiﬁcation of its
accuracy, i.e. trueness and precision (Dias, Camões, & Oliveira,
2008). This was, in fact, one of the goals of the present article: to
validate the HPLC method previously developed by our research
group to quantify simultaneously total carotenes, tocopherols
and tocotrienols. Furthermore, the method was used to quantify
the presence of compounds in some Amazon oils.2. Material and methods
2.1. Chemicals and reagents
All solvents and reagents used in this study were of HPLC grade.
The mobile phase used in the HPLC system was vacuum-ﬁltered
through a 0.45 lm ﬁlter (USA). Hexane was purchased from
Mallinckrodt (USA) and isopropanol from Tedia (Brazil). a-, b-, d-
and c-Tocopherol standards were purchased from Calbiochem
(USA) and the b-carotene standard from Fluka (Germany).2.2. Chromatography
Chromatographic analyses were carried out using a Shimadzu
HPLC, series LC-20AT (Japan), equipped with a quaternary pump,
an autosampler (SIL-20A), a degasser, and a SPD-M20A spectro-
photometric detector (Photo Diode Array detector – PDA), which
was set at 292 and 455 nm, and a RF-10AXL ﬂuorescence detec-
tor, which was set at 290 nm for excitation and 330 nm for
emission. Chromatographic separation of the compounds was
achieved at 30 C, using a normal-phase Lichrospher column
(Merck, 250  4.6 mm id; 5 lm particle size) with a guard col-
umn (10  4.6 mm) purchased from Merck (Germany). The con-
centration gradient used was as follows: 0–7 min 99.5% hexane
and 0.5% isopropanol; 7–9 min linear gradient of 0.5–1% isopro-
panol; 9–20 min 99.0% hexane and 1.0% isopropanol; 20–25 min
reconditioning of the column with 0.5% isopropanol isocratic for
10 min. The ﬂow gradient was: 0–4 min 1.0 mL min1, 4–7 minlinear gradient of 1–1.5 mL min1, 7–9 min 1.0 mL min1, 9–
15 min linear gradient of 1.5–2.0 mL min1, 15–17 min linear
gradient of 2.0–1.0 mL min1, 17–35 min 1.0 mL min1.
The total chromatographic run time was 35 min, being the time
required for analysis of tocopherols. Although the analyses of caro-
tenes and tocopherols were carried out simultaneously, calibration
curves were performed separately due to the ease of preparing the
standards separately. For the calibration curve of b-carotene, a
5 min run was used with a mobile phase composed of 99.5% hex-
ane and 0.5% isopropanol, and a ﬂow rate of 1.0 mL min1.
System control, data acquisition and processing were per-
formed with an Intel-Celeron D PC, operated with Microsoft
Windows XP Professional version 2002 and LC Solutions version
2002 chromatography software with the system suitability op-
tion installed. Calibration curves were calculated by linear
regression analysis of the peak area versus the concentration of
the nominal standard for each compound. The goodness-of-ﬁt
of various calibration models were evaluated by visual inspec-
tion, the correlation coefﬁcient and by intra- and inter-run accu-
racy and precision values.
2.3. Preparation of stock solutions, calibration standards and quality
control samples
Stock solutions of a-, b-, d- and c-tocopherol were prepared
by dissolving about 50 mg of each tocopherol fraction in 25 mL
of hexane. Note that these stock solutions have the four tocoph-
erol fractions in the same concentration. Serial dilution (37.50,
25.00, 17.50, 10.00, 5.00 and 2.50 mg L1) of a 2 mg mL1
tocopherol solution was carried out. Tocotrienols were quantiﬁed
based on the area of tocopherol homologues. In the same way,
stock solutions of b-carotene were prepared by dissolving 5 mg
in 25 mL of hexane. Serial dilution (10.00, 5.00, 2.50, 1.00,
0.50, 0.25, 0.10 and 0.05 mg L1) of the 0.2 mg mL1 b-carotene
solution was then performed. Total carotenes were quantiﬁed
based on the area of b-carotene. These calibration standards
were freshly prepared in triplicate for each analytical run.
Triplicates of quality control samples were prepared in hexane
using the concentrations of 5.00 (LOQ), 15.00 and 35.00 mg L1
for the tocopherol system and in concentrations of 0.10, 0.35 and
9.00 mg L1 for b-carotene, as described above for the calibration
standards. These quality control samples were used to investigate
intra- and inter-run variations.
2.4. Validation procedures
A chromatographic validation run included a set of calibration
samples assayed in triplicate and quality control samples at
three levels in triplicate, which was carried out on six separate
occasions. The method validation was performed in accordance
with the previously reported procedures (Marin, Franchini, &
Rocco, 2007; Shah et al., 2000; United State Department of
Health, 2001).
Calibration curves in the range of 2.5–37.5 mg L1 for each
tocopherol in hexane and in the range of 0.05–10.00 mg L1 for
b-carotene were plotted based on the peak-areas of each com-
pound (axis y) against the respective nominal concentrations
(axis x). All calibration curves were required to have a correla-
tion coefﬁcient of at least 0.9800.
The intra- and inter-run accuracy and precision of the assays
were assessed by the average relative percentage deviation
(DEV%) from the nominal concentrations and the coefﬁcient of
variance (C.V.%) values, respectively, based on reported guide-
lines (Marin et al., 2007; Shah et al., 2000; USDHHS, 2001). Pre-
cision (C.V.) and accuracy (DEV%) were calculated from Eqs. (1
and 2):
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Average calculated concentration
 
 100 ð1Þ
DEVð%Þ ¼ 1 Average calculated concentration
Nominal concentration
 
 100 ð2Þ
where SD stands for standard deviation.
Intra-run precision and accuracy measurements were per-
formed on the same day using tocopherol concentrations (n = 3)
of 5.00, 15.00 and 35.00 mg L1 in hexane and b-carotene concen-
trations (n = 3) of 0.10, 0.350 and 9.000 mg L1. Inter-run precision
and accuracy of the analytical method were determined simulta-
neously from the results of the calibration curve and quality con-
trol samples run on six days. Each set of quality control samples
containing tocopherols or b-carotene was evaluated from recently
obtained calibration curves.
2.4.1. Limit of quantiﬁcation (LOQ) and limit of detection (LOD)
The limit of quantiﬁcation (LOQ) was determined by consider-
ing the signal-to-noise ratio larger than 10 and the lowest concen-
tration at which precision expressed by the coefﬁcient of variance
is lower than 20%, and accuracy expressed by relative difference of
the measured and true values is also lower than 20%. The Limit of
detection (LOD) was deﬁned as the lowest concentration to be de-
tected, taking into consideration a signal-to-baseline noise ratio
larger than 3 (Marin et al., 2007; Shah et al., 2000; USDHHS, 2001).
2.4.2. Stability
According to the FDA Guidance, solvent evaporation stability
during storage in the autosampler for a 24 h period was estab-
lished at ﬁve concentrations of 37.50, 25.00, 17.50, 10.00 and
5.00 mg L1 in triplicate and was tested only for tocopherols. Con-
sidering that solvent evaporation would affect the concentrations
of tocopherols and carotenes in the same proportion, no speciﬁc
stability test was required for carotenes.
2.5. Application of the method
2.5.1. Amazon oils tocopherols, tocotrienols and carotenes
quantiﬁcation
Three Amazon oils were selected: Buriti (Mauritia Flexuosa),
Patawa (Oenocarpus bataua) and Tucuma (Astrocaryum aculeatum).
Samples were dissolved in hexane and aliquots of 20 lL were in-
jected in the HPLC system.
The following fruits pulpswere purchased at localmarkets in the
Amazon Region: Buriti pulpwas acquired in Abaetuba (Pará, Brazil),
andPatawaandTucumapulps inBelém(Pará, Brazil), duringharvest
time. Thirty fruits of each specie were gathered in three different
placeswhichwere separated by a distance of at least two kilometers
from each other, adding up to 90 fruits from each specie. The Bligh
and Dyer (1959) method was used to extract oils from the dried
pulps. The total lipid fraction was extracted by exhaustive macera-
tion with chloroform and methanol, followed by ﬁltration of solids
andseparationof the solvent/fat layer.Dried samples (10%moisture)
were used to facilitate extraction with organic solvents.
All data are presented as mean values ±SD and the mean values
were analysed by one-way ANOVA and Tukey-HSD at p < 0.05 with
SAS.
3. Results and discussion
3.1. Chromatography
Reproducible separation of b-carotene was obtained in the same
silica normal-phase column used for tocopherol analysis. Retention
time of b-carotene is 1.9 min, showing that this compound haslower afﬁnity with the column. Peaks are sharp, symmetrical and
all homologues were efﬁciently separated (Fig. 1). Tocopherols
were analysed using both PDA and ﬂuorescence detectors. Reten-
tion times for tocopherols using the ﬂuorescence detector were,
respectively, 7.6, 16.6, 19.9 and 29.1 min for the a-, b-, c- and d-
tocopherol homologues. For the PDA detector, retention times
were 7.2, 16.4, 19.3 and 28.5 min, respectively, for the a-, b-, c-
and d-tocopherol homologues. Note that retention times for PDA
were lower than for ﬂuorescence. This difference is due the system
conﬁguration: the samples pass through the PDA detector and then
the ﬂuorescence detector. It is also important to highlight that
retention times can vary slightly on different days and analysis.
In all chromatograms we can note an interfering peak which does
not disturb the analyses as its retention time is different of all other
analysed compounds. Furthermore, this speciﬁc peak is not sym-
metrical and not well resolved. These data conﬁrm the efﬁciency
of the speciﬁed ﬂow and composition gradients of the mobile
phase to separate carotenes and tocopherols. Previous studies per-
formed by Rodrigues et al. (2010) and Costa et al. (2010) were not
able to quantify tocotrienols, nor distinguish b- and c-tocopherols.
3.2. Validation of the method
3.2.1. Linearity, accuracy, precision and sensitivity assays
Samples with standard concentrations of a-, b-, c- and d-toc-
opherols in hexane ranging from 2.50 to 37.50 mg L1 and samples
of b-carotene in hexane ranging from 0.05 to 10.00 mg L1 were
used to construct the calibration curves. Results for the six differ-
ent sequences of tocopherols standard samples performed in trip-
licate on different days using the ﬂuorescence detector are shown
in Table 1. The relationship between tocopherol concentrations
and the peak areas was described by the linear regression equa-
tions, and in all equations x is the tocopherol homologue concen-
tration in mg L1 and y is the chromatogram peak area divided
by 1  105. All R2 obtained were higher than 0.9810. At the upper
limit of quantiﬁcation (i.e. 37.50 mg L1) the percentage deviation
and the inter-run variability values were less than 4.10%, an appro-
priate value according to the literature (Marin et al., 2007; Shah
et al., 2000; USDHHS, 2001). For all the other tocopherol concen-
trations, excluding the LOQ (2.5 mg L1), the percent deviation
and the inter run variability values were less than 13.30%.
Data of the same six sequences of tocopherol standard samples
run in triplicate on different days, obtained using the PDA detector
set at 292 nm, are also shown in Table 1. The relationship between
each tocopherol concentration and peak area (divided by 1  105)
was described by linear regressions in the same way as for the ﬂuo-
rescence detector. All R2 values obtained were higher than 0.9970.
At the upper limit of quantiﬁcation (i.e. 37.50 mg L1) the percent
deviation and the inter-run variability values were less than 4.60%.
For all the other concentrations of tocopherols, excluding the LOQ
(2.5 mg L1), the percent deviation and the inter run variability val-
ues were also less than 13.50%.
Data of the six different sequences of b-carotene standard sam-
ples performed in triplicate on different days, using the PDA detec-
tor set at 455 nm, are show in Table 2. R2 value was higher than
0.9940. At the upper limit of quantiﬁcation (i.e. 10.00 mg L1) the
percent deviation and the inter-run variability values were less
than 2.00%. For all the other concentrations of b-carotene, exclud-
ing the LOQ (0.10 mg L1), the percent deviation and the inter run
variability values were less than 11.10%.
Reproducibility of the method was evaluated by analysing rep-
licates of tocopherol quality control samples at concentrations of
5.00 (LOQ), 15.00 and 35.00 mg L1, using both ﬂuorescence and
PDA detectors. The intra- and inter-run average results are re-
ported in Table 3. Accuracy and precision of the assays are demon-
strated by DEV values 614.92 and C.V. values 613.64%,
Fig. 1. Representative chromatogram of tocopherols and carotenes: tocopherol standard analysed by ﬂuorescence detector set at 290 nm excitation and 330 nm emission (A)
and PDA detector set a 292 nm (B), Buriti oil (C), Patawa (D) and Tucuma oil (E) analysed by the ﬂuorescence detector, b-carotene standard (F), Buriti (G) and Tucuma oil (H)
analysed by the PDA detector at 455 nm. (Tocotrienols are followed by the letter T).
S.M. Silva et al. / Food Chemistry 129 (2011) 1874–1881 1877respectively (Table 3). Reproducibility of the method was also eval-
uated by analysing replicates of b-carotene quality control samples
of 0.10 (LOQ), 0.35 and 9.00 mg L1, using the PDA detector. Theintra- and inter-run average results are reported in Table 2. Accu-
racy and precision of the assays are demonstrated by DEV val-
ues 612.97% and by C.V. values 611.16%, respectively.
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1878 S.M. Silva et al. / Food Chemistry 129 (2011) 1874–18813.2.2. Limit of detection (LOD) and limit of quantiﬁcation (LOQ)
The limit of detection (LOD) was determined as the sample
whose signal-to-noise ratio (S/N) was slightly greater than 3 and
corresponded to 2.50 mg L1 of each tocopherol. For tocopherols,
the lower limit of quantiﬁcation (LOQ), estimated at 5.00 mg L1
of each tocopherol, displayed a S/N ratio equal to 10. Furthermore,
accuracy values (DEV%) were found ranging within ±15.00% of the
nominal concentration values (Table 1). The intra- and inter-run
variabilities (quality controls) were demonstrated by CV 6 14.70%
(Table 3). Note that tocopherols and tocotrienols can be quantiﬁed
in very small amounts due to their natural ﬂuorescence.
The lower limit of quantiﬁcation (LOQ) of b-carotene, estimated
as 0.10 mg L1, showed accuracy values (DEV%) lower than 3.32%
and precision values lower than 18.40%. The intra- and inter-run
variabilities (quality controls) were demonstrated by CV 6 11.16%
(Table 2).
3.2.3. Stability
Stability of samples was tested only for solvent evaporation.
Even after 24 h in the autosampler, the precision and the accuracy
of the analysis indicated satisfactory values (CV and DEV lower
than 15.0%) (Table 4). Autosampler stability testing showed that
tocopherols may remain 24 h without solvent evaporation, allow-
ing the solubilisation of a large number of oil samples for each ana-
lytical run and use of the autosampler for injection. Considering
that no solvent evaporation was detected, the concentration of
carotenes was not affected by storage in the autosampler.
3.3. Application of the HPLC method
3.3.1. Quantiﬁcation of tocopherols, tocotrienols and total carotenes in
Amazon oils
Applicability of this method was tested by quantifying tocophe-
rols, tocotrienols and total carotenes in three Amazon oils: Buriti,
Patawa and Tucuma oils. Table 5 presents the results for the tocoph-
erol, tocotrienol and carotenes analyses and Fig. 1 shows the chro-
matograms. Buriti oil presented all tocopherols, detected by both
PDA and ﬂuorescence means. b-Tocopherol was encountered in
the highest concentration (759.28 and 710.77 mg L1, by PDA and
Fluorescence, respectively), followed by c-tocopherol (318.66 and
310.15 mgL1), a-tocopherol (305.65 and 298.55 mg L1) and d-
tocopherol (87.18 and 89.08 mg L1). Buriti oil also presented tocot-
rienols. c-Tocotrienol was detected by Fluorescence, however in
concentrationsbelowtheLOQ, andwasnotdetectedbyPDA. d-Toco-
trienol was encountered in the concentration of 20.23 and
26.19 mgL1. Total tocol content was 1491.00 and 1434.74 mg L1,
by PDAand Fluorescence, respectively. Carotenes concentrationwas
1576 mg L1. These results are similar to those found in studies per-
formed by Silva et al. (2009) where Buriti oil was analysed, present-
ing 1517 mg L1 of total tocols and b-tocopherol was the most
important homologue. However, it was followed by a-tocopherol
and c-tocopherol respectively, probably due to the different post-
harvest treatments of the oil (Silva et al., 2009).
Patawa oil presented only a-homologues in both detections:
38.20 and 40.63 mg L1, by PDA and Fluorescence, respectively of
a-tocopherol and 35.17 and 32.84 mg L1 of a-tocotrienol (Table 5).
The a-tocopherol content obtained was similar to that found by
Rodrigues et al. (2010), however they did not analyse tocotrienols.
The same authors also found b- + c-tocopherols (7.8 mg L1) and d-
tocopherol (7.7 mg L1) in very low concentrations that were not
detected in the analyses of Patawa oil done in this work (Table 5).
Total tocol content was 73.38 and 73.47 mg L1, by PDA and Fluo-
rescence, respectively. Carotenes was not detected in Patawa oil. In
Patawa chromatogram (Fig. 1D) the interfering peak (retention
time approximately 26 min) is higher than peaks of the tocols.
Comparing it with Buriti chromatogram it can be noted that
Table 3
Intra- and inter-run precision and accuracy for tocopherols in quality control samples.a
Nominal
concentration
(mg/L)
ALFA BETA GAMA DELTA
Calculated
Concentration
(mg/L)
CV
(%)
DEV
(%)
Calculated
Concentration
(mg/L)
CV
(%)
DEV
(%)
Calculated
Concentration
(mg/L)
CV
(%)
DEV
(%)
Calculated
Concentration
(mg/L)
CV
(%)
DEV
(%)
1b Inter-run
(n = 24)
5.000 (LOQ) 5.2328 ± 0.2751 5.25 4.72 5.6738 ± 0.7737 13.64 13.47 4.9733 ± 0.6729 13.53 0.53 4.2648 ± 0.1693 3.97 14.70
15.000 14.0112 ± 0.7721 5.51 6.59 14.2738 ± 1.4610 10.24 4.84 15.7794 ± 1.3322 8.44 5.20 13.0193 ± 1.0593 8.14 13.20
35.000 32.5556 ± 1.5139 4.65 6.98 34.5852 ± 2.3671 6.84 1.18 35.2374 ± 2.1700 6.16 0.68 31.2682 ± 1.8154 5.81 10.66
Intra-run
(n = 3)
5.000 (LOQ) 5.4674 ± 0.5211 9.53 9.35 5.7184 ± 0.4098 7.17 14.37 4.9540 ± 0.2921 5.90 0.92 4.2996 ± 0.1768 4.11 14.00
15.000 14.6422 ± 1.8028 12.31 2.39 13.3567 ± 0.1844 1.38 10.96 15.3116 ± 0.3356 2.19 2.08 14.2528 ± 1.7508 12.28 4.98
35.000 33.4911 ± 3.1431 9.38 4.31 33.3839 ± 0.9675 2.30 4.62 32.5457 ± 2.3797 7.31 7.01 33.2243 ± 2.0410 6.14 5.07
2c Inter-run
(n = 24)
5.000 (LOQ) 4.6605 ± 0.4464 9.57 6.79 4.8649 ± 0.4058 8.34 2.70 5.2611 ± 0.5435 10.33 5.22 5.0672 ± 0.3428 6.76 1.34
15.000 12.8179 ± 0.8109 6.33 14.55 13.1939 ± 1.4979 11.35 12.04 16.4811 ± 1.3357 8.10 9.87 12.7622 ± 0.9484 7.43 14.92
35.000 31.2658 ± 1.6376 5.24 10.67 37.3998 ± 3.7854 10.12 6.86 34.2948 ± 3.8725 11.29 2.01 29.9246 ± 1.7665 5.90 14.50
Intra-run
(n = 3)
5.000 (LOQ) 5.0144 ± 0.3028 6.04 0.29 5.6680 ± 0.1622 2.86 13.36 5.3153 ± 0.2817 5.30 6.31 4.8152 ± 0.4075 8.46 3.69
15.000 12.9956 ± 0.2245 1.73 13.36 13.3567 ± 0.1844 1.38 10.96 13.3567 ± 0.1844 1.38 10.96 12.7536 ± 0.6571 5.15 14.96
35.000 31.5458 ± 0.5571 1.77 9.89 33.3839 ± 0.9675 2.30 4.62 33.3839 ± 0.9675 2.90 4.62 30.7850 ± 1.6176 5.25 12.04
a The data are shown as averages, SD (standard deviation), accuracy (percent deviation, DEV%) and CV (coefﬁcient of variation, precision). Accuracy and precision
calculations were carried out using Eqs. (1 and 2), respectively.
b Fluorescence detector data.
c PDA detector data.
Table 2
Inter-run variation–accuracy, precision and linearity of standard curve samples of b-carotene from six separate assaysa and intra- and inter-run precision and accuracy for b-
carotene in quality control samples.b
b-Carotene Quality control
Nominal concentration
(mg/L)
Calculated concentration
(mg/L)
CV
(%)
DEV
(%)
Nominal concentration
(mg/L)
Calculated concentration
(mg/L)
CV
(%)
DEV
(%)
0.05 (LOD) 0.0531 ± 0.0179 33.74 6.28 Inter-run
(n = 24)
0.100 (LOQ) 0.0870 ± 0.0081 9.35 12.97
0.10 (LOQ) 0.1033 ± 0.0190 18.40 3.32 0.350 0.3079 ± 0.0224 7.28 12.04
0.25 0.2754 ± 0.0272 9.87 10.15 9.000 8.7984 ± 0.9823 11.16 2.24
0.50 0.5555 ± 0.0515 9.26 11.09
1.00 1.0080 ± 0.0645 6.40 0.80
2.50 2.3296 ± 0.1556 6.68 6.82 Intra-run
(n = 3)
0.100 (LOQ) 0.0943 ± 0.0013 1.42 5.70
5.00 4.5867 ± 0.4142 9.03 8.27 0.350 0.3145 ± 0.0333 10.59 10.14
10.00 10.1909 ± 0.1624 1.59 1.91 9.000 7.9461 ± 0.2714 3.45 11.71
R2 0.9942 ± 0.0091 0.92 0.58
a A linear curve was ﬁtted to the data for response of b-carotene versus theoretical concentration as described in the Experimental section. The calculated concentration
was derived from reading the response for the standard sample against calibration curve. Each entry corresponds to the average value of six assay analyses.
b The data are shown as averages, SD (standard deviation), accuracy (percent deviation, DEV%) and CV (coefﬁcient of variation, precision). Accuracy and precision
calculations were carried out using Eqs. (1 and 2), respectively.
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analysed compounds, so it do not disturb the analysis.
Tucuma oil presented all tocopherol homologues in both detec-
tions. The most important was a-tocopherol (241.05 and
233.60 mg L1, by PDA and Fluorescence, respectively), followed
by c-tocopherol (68.14 and 64.66 mg L1), b-tocopherol (37.15
and 39.86 mg L1) and d-tocopherol (18.92 and 21.77 mg L1).
The oil also presented d-tocotrienol (24.56 and 24.86 mg L1).
Rodrigues et al. (2010) found only a-tocopherol and b- + d-toc-
opherols. Total tocol content was 389.82 and 384.75 mg L1, by
PDA and Fluorescence, respectively. Carotenes content was
1934 mg L1, a result in accordance with those found by
Rodriguez-Amaya (1996). Note that tucuma oil presents higher
carotenes content than Buriti oil (Silva et al., 2009).
Mean concentration values obtained by PDA and Fluorescence
were compared using the Tukey test. There was no signiﬁcant dif-
ference between mean values of each tocopherol/tocotrienol (0.95
conﬁdence level) measured by both detectors. From that, it can be
concluded that there is no interfering compound in samples that is
detected with tocols and both detectors can be used to quantifytocopherols and tocotrienols in these oils. Although, it can be noted
by Table 5 that ﬂuorescence detector has in general lower values of
SD, so its use may be preferred.
The analytical procedure used by Rodrigues et al. (2010) re-
quired several sample preparation steps, including saponiﬁcation.
Besides being time consuming, the sequence of several preparation
steps may increase uncertainty of the results. Despite the fact that
the samples used in this work and those analysed by Rodrigues
et al. (2010) were obtained at different times and/or places, and
also submitted to different post-harvesting processing, both works
show similar results in regards to the content of tocopherols. As
emphasized by Sampaio, Ceriani, Silva, Taham, and Meirelles
(2010), crop seasonality and fruit ripeness are responsible for ﬂuc-
tuations in the composition of vegetable oils.4. Concluding remarks
We have developed a simple, sensitive and reproducible HPLC
method for simultaneously quantiﬁcation of tocols and total
Table 4
Stability evaluation (average ± SD) of tocopherols in hexane (n = 3).a
Nominal concentration (mg/L)
5.00 (LOQ) 10.00 17.50 25.00 37.50
ALFA Fresh samples 5.0343 ± 0.0318 9.7620 ± 0.0671 17.0007 ± 0.0616 24.6088 ± 0.1375 37.9894 ± 0.1216
Autosampler (24 h) 5.3240 ± 0.0390 9.3375 ± 0.2026 16.8434 ± 0.0804 24.4028 ± 0.0713 38.2141 ± 0.1758
Average 5.1792 ± 0.1619 9.5498 ± 0.2688 16.9221 ± 0.1074 24.5058 ± 0.1494 38.1018 ± 0.1828
CV(%) 3.13 2.82 0.63 0.61 0.48
DEV(%) 3.58 4.50 3.30 1.98 1.60
BETA Fresh samples 5.3180 ± 0.3348 9.0270 ± 0.0442 16.2189 ± 0.4097 24.4041 ± 0.7603 38.4366 ± 2.3634
Autosampler (24 h) 5.6178 ± 0.2643 8.5781 ± 0.2939 16.1472 ± 0.0274 23.8792 ± 0.8202 38.7378 ± 0.7190
Average 5.4679 ± 0.3158 8.8025 ± 0.3094 16.1831 ± 0.2626 24.1416 ± 0.7635 38.5872 ± 1.5711
CV(%) 5.78 3.52 1.62 3.16 4.07
DEV(%) 9.36 11.97 7.53 3.43 2.90
GAMA Fresh samples 5.5986 ± 0.0153 8.8272 ± 0.2260 15.3519 ± 0.5420 23.9995 ± 0.0491 38.8471 ± 0.6284
Autosampler (24 h) 5.5819 ± 0.2017 8.6261 ± 0.1742 15.9204 ± 1.3982 23.7741 ± 0.0946 38.8402 ± 0.1115
Average 5.5903 ± 0.1283 8.7267 ± 0.2114 15.6361 ± 0.9982 23.8868 ± 0.1406 38.8437 ± 0.4036
CV(%) 2.29 2.42 6.38 0.59 1.04
DEV(%) 11.81 12.73 10.65 4.45 3.58
DELTA Fresh samples 5.1663 ± 0.0570 9.7059 ± 0.0738 17.0672 ± 0.1622 24.4967 ± 0.0538 38.0240 ± 0.2866
Autosampler (24 h) 5.3458 ± 0.1081 9.5284 ± 0.0646 16.8073 ± 0.1843 24.1893 ± 0.0635 38.3161 ± 0.0871
Average 5.2561 ± 0.1251 9.6172 ± 0.1153 16.9372 ± 0.2106 24.3430 ± 0.1764 38.1701 ± 0.2480
CV(%) 2.38 1.20 1.24 0.72 0.65
DEV(%) 5.12 3.83 3.22 2.63 1.79
a The data are shown as averages, SD (standard deviation), accuracy (percent deviation, DEV%) and CV (coefﬁcient of variation, precision). Accuracy and precision
calculations were carried out using Eqs. (1 and 2), respectively.
Table 5
Tocopherols, Tocotrienols and total carotenes concentration (mg L1) in three Amazon oils.
Measured concentration (mg/L) Buriti Patawa Tucumã
FLUORO PDA FLUORO PDA FLUORO PDA
a-Tocopherol 305.65 ± 6.91 298.55 ± 10.70 38.20 ± 0.68 40.63 ± 6.81 241.05 ± 3.90 233.60 ± 32.52
b-Tocopherol 759.28 ± 17.18 710.77 ± 30.56 ND ND 37.15 ± 5.22 39.86 ± 0.14
c-Tocopherol 318.66 ± 16.71 310.15 ± 26.86 ND ND 68.14 ± 1.35 64.66 ± 3.63
d-Tocopherol 87.18 ± 0.85 89.08 ± 3.14 ND ND 18.92 ± 0.20 21.77 ± 3.14
a-Tocotrienol NDa ND 35.17 ± 0.51 32.84 ± 7.29 ND ND
c-Tocotrienol LLOQb ND ND ND ND ND
d-Tocotrienol 20.23 ± 0.87 26.19 ± 8.70 ND ND 24.56 ± 0.19 24.86 ± 0.92
Total tocols 1491.00 ± 22.57 1434.74 ± 54.00 73.38 ± 1.08 73.47 ± 26.33 389.82 ± 3.43 384.75 ± 6.23
Total carotenes 1576 ± 30 ND 1934 ± 131
a Not detected.
b Detected, but in a concentration lower than LOQ.
1880 S.M. Silva et al. / Food Chemistry 129 (2011) 1874–1881carotenes. The lower limit of quantiﬁcation (LOQ) was 5.0 mg L1
for the tocols and 0.1 mg L1 for carotenes, inasmuch the lower
limit of detection (LOD) was 2.50 mg L1 for tocols and 0.05 mg L1
for carotenes. There was no signiﬁcant solvent evaporation during
samples storage in autosampler, allowing the solubilisation of a
large number of oil samples for each analytical run. The methodol-
ogy was applied for the quantiﬁcation of these compounds in Ama-
zon oils, concluding that both PDA and Fluorescence can be used to
quantify tocopherols and tocotrienols in these vegetable oils.
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